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REFORMING CATALYST 

the present inveduttou lelates to fuel refomiing catalysts, catalysed coxnpGneats 
and fiiel processing sys1si;D$ compdsing the catalystSg and refcoaiag processes xisiag the 

Hjdr&ss^ is an important mdustrial gas and is used in a number of applicalioxjis 
siic^ ammonia synfiifisiB, methanol synilie&is, chemical bydrogooatioxis, metal 
sxiaxw&cimQ^t glass processing and foel cdls. Fuel processors produce hydrogen by 
re&xmizig itiels such as melibane, propane, methanol, etibianol, natural gas, liquefied 
pettokum ga& (LPG), diesel and gasotiae^ and are used to provide hydrogen for a variety 
of appUcations, particularly 'Swc fiiel cells* The reforming process produces a hydrogen- 
rich zefonnate stream that ako comprises carbpnrdioxide, carbon monoxide and trace 
amouats of hydrocarbons or alcohols. Carbon monoxide is a severe poison for the 
^catalysts in. the anode of a {uel cell, so fuel processing syst^grns generally coxxsprise a fuelt: 
reformer audi one or more carbon monoxide deaa-up stages. 

In a 9.team re&mung process, water and fad axe combined to produce hydrogen 
md. carbon daoxide^ e^ for methanol: 

CHsOH-hHzO C02 + 3Ha 
This process) is endotbermlc^ so steam reforming requires a continuous input of eneirgy. 
la an autothennal xeforming process^ both water and ak are mixed with tixe fueL 
The process comhmes steam Kelbmiing and partial oxidation, e.g. for methanol: 

CH3OH + H2O + 

CH3OH4-HO2 -> CO3 + 2H2 
The partial oxidation. i& ex0theraiic» thus providing the heat for the eadothennic steam 
zefimisiQg i^otton. Anofitxer reaction which may take place within die autothennal 
?PB£aimer is the water shift zeactiooa; 

CO+H2O C02^H2 

This is a plartleularly usefi)d reaction because it reduces CO content and increased 
hydrogeo contem. Autothennal reforming processes are described in. WO 96/00186. 
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Catalysts are xised to promote the various refixcming reactions. GeDerally ihe 
catalysts compcise metal particles deposited on ceramic support mateiials- A cmnmonly 
used support ixaaterial is y-Al^O^ due to its mechaiuical stability^ moderately lugbi smface 
BicsLi resistance to sintmng oveir a wide range of t^paratures and high degree of metal 
dispersion, that caa be achieved. EP 1 157 968 discloses a catalyst for xise in autoflieniaal 
refoming reactions -which contains rhodim» and optionally platitxum on an active 
aluminixim oxide. 

The piresent inventors have sought to provide an impicoved tefo9ixiKD.g caMyst 
Desirably the. catalyst should promote the reforming r^cticuis over a wide temperatixre 
range and for a variety of fiids. The catalyst should b© durable^ ie, the perfibzmance 
: shdidd not decrease significantly m&i time, 

Accoirdingly ibe present ixEvendon provides a rearming catalyst comprisicg 
precious meial paidclcs dispersed on a support material, wfcerrin the support material , ; 
compodses c&ria, md characterised in that the support material lincther eoniprisesr i:, 
magnesiiim almuinate and/or magnesium oxide. 

* 

The present inventors have found that the catalysiB according to the invention 
have improved perfimnance when compared to catalj^ts comprising stat&-of-fte-axt 

support materials. 

The magnesium alimmxaiie is suitably a crystaUine compound with Hie spinel 
stmctoie and the formula MgAl204. The magnesium oxide is suitably ft crystaUind 
compound witb ibe peticlase structore. Suitably the support matedal contains at least 
20wtK magnesium aluminate and/or magoesium cndde^ and preferably at least 3Swt% 
magnesium latuminate and/or magnesium oxide, compared to the total mass of tiie 
support material. 

In a pre£?xred embodiment, the support matedal comprises bodi magnesium 
aluminate and magnesium oxide, and the molar ratio of magnesium aluioiiiate to 
magnesium dndde is suitably between 15:1 and 15:1, preferably between L2;l aM 1:$. M 
a particularly preferred embodiment, the support matedal is made by a process wherein 
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aluixvmum magnesium hydroxycarbonate ib calcined to form a mixtute of magcesium 
oxide md magnesium alumimtc. Jn fids embodim&iiia the magaesimn alumiimt& and 
magRQsium oxid^ are iatimately mixed. Suitably the combined mass of magnesium 
aluminat^ and magnesium oxide i$ 4Q^90wt% compared to the total mass of the sixprpott 
xoateiiaL 



PrejbM>ly the support material ftuHier comprises sdrconia. The loading of ceiia 
and zizconia (i.e. the combined mass of the ceda and tbe zicconia as a percentage of tbe 
total mass of the support material} i$ soilably l0-60\vt%9 preferably 25-60wt%. The 
ceria and jsuGoma may be present as regions of ceria, regions of ztrcoma and/or regions 
of mixed cenarzirc^^a OKide. It i$ preftoed that the majorify of tbe ceria and ziicosina is 
present a& the misusd oxide. Hie atomic ratio of ceiia:zi»sonia is suitably in the range 
fiom 10:1 to 1:10^ preferably &omS:l to 1:1, nwst piefisrably about S:l. 

I. ' vr^Suitably the si^poict material comprises ceria and optionally zixconia dispersed 
osn the^ :$iii:&£ie of a magnesium aluminate material tbat may be noagncsium alumioate ... 
alone or roay be a mixed magnesiiun aluminate/magnesia The average 

particle sizei of ibe ceria and/or zhrcooia particles on the sor&oe of the magnesium 
alominate material is suitaUy below ISnm^ preferably below Smn. 

The sii^port malmal of the as-prepared catalyst (before it is used to catalyse a 
reforming reaction) saftttably has a snr&ce area greater than 80m^/g and preferably 
h^een 1001 and 20Qm%. 



The precious metal particles stdtaibly comprise ihodium^ xudienium or platinum. 
Hie precious metal pgoiicles may be rhodium^ mtfaenitim Odr platinum alon^ w may be 
alloy particles comprising one or more of rhodium^ mtfaemum and platinum. Suitable 
alloying meials include ofher precious metab sudh as palladium, osmium or iridium, but 
may also incihMjb base metals* In a prefexred embodimjcnt the precious metal particles are 
rhodium particles or platinum-^rhodium ^oy particles. In a particularly pre&xxed 
embodimeidi the precious metal particles are rhodium particle. 
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The precious metal pailicies are dispersed on -die support iiiateriEiL When the 
$i3[ppQrt mated;^l compjises ceda and optioxudly zirccima dispersed on a magaesiimi 
aliiminate material, the pKcUm tnetat pattictes my be deposited on llie magaediilim 
aliiniinflte naaterial, on the c«ria-*ziicc»aki paitidds and/or at Hxe infiet&ces of c^na- 
diconia and lbs magnesium aJmninate mait&riaL 

Suita&ly the loading of I3&e precions taab^ particles is 0,5-10 weight %^ based on 
the weight of tbe support mateciaL If the precioiis metal particles are pialmum-rbodiiim 
alloy particles^ a suitable 9tpmic ratio of platinumtriiodium is between 5:1 and 1:5, 
prefexably abiofut 1:1. 

In a preferred embodiment, the xefonniog catalyst fuiliier comprises an allcaH 
metal or alksdJne earth metal piomote^^ The promoter is deposited on 

the sui&ce of the support msted.91 and is pieferably alloyed with the ptccious metal 
particU^.:. The atomic ratio of ptecious metal panicles to promote material is siutably 4. . 

> between 20:Jih and S :1 . 

t, • •• 

In anotfaet preferred embodiment^ the reforming catBlyist finther comprises gold 
as a promoter. The gold is suitably not alloyed with the catalyiic precious nsetal 
paiticles^ but is present as gold particlei^ that are dispecsedj, with the precious metal 
particles^ on the surface of the support materiaL 

The catalyst may be prepared by any suitable methods kno^ to those skilled in 
the art. Spitable methods include co-impregaatioa, deposition precipitation and 
co^precipitation procedures. 

A suitable method for preparing the si^ort xaaierial is the deposition of ceria 
and ssirconia onto a magnesium alumk)i;ate material by co^predpitatjon of cerium 
ox:^ydroxidi& and zirconium oxyhydioxide. The magnesium aluminate material could 
be magtiesium aluminate» or a magnesium aluamnate/magnesium oxide mixture produced 
by calcmlnglalummium magnesium hydroxycaxbonate. Sols of ceria and zirconia, which 
ate stabilised by counter ions $uch as nitrate and acetate, are added to a sluny of a 
magnesium ahnninate material. A base such a« IM ammonia solutLon is added to the 
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sLimy. Tii9 ptoduct is dim washed several times, dried, e,g. at 120^0 and calcined, e.g* 
at SOO^C. 

A suftable mediod for tbe depositioti cf fhe precioxis metal particles cxato the 
support material is indLpieiLt wetness fastpregimtiou. Suitable xoetal salts are made up into 
a soliitioii such tbat flifi vohmie of solutioa is sufficient to fill Ihe entire pore volimie of 
the support mateiiiaL The solution is added to Hxe support matenal^ ib& material is mixed 
thoroiighly and then dried and calcined* 

Anodser suitable method for the depostfiaa of die precious metal particles is co- 
d^ositioiL The aiqipoj^t malarial is dispersed in a slmry coutsoning suitable precious 
metal stdts. A base is added to deposit the metal onto the sappost material^ and die 
catalyst is dried and ouldilked- 

In aifiother aspect, the' pn^^nmt ^vaotion provides a catalysed component 
comprising the reSiimnig catalyst accoxdipg to the invention. The catalysed component 
comprises the refi>cming catalyst deposited on a suitable substrate. The substrate may be 
any suitable i fkiw-l3irou^ substrate sucb as a monoUtfa, foam, static mixer or heat 
exdianger umt Altimiatively the substrate may comprise discrete umts such as pe}l^» 
rings etc. which ana enclosed in a contains. Xhe substrate may be c^amiCj 
cQcdierite, or metallic. The amount of catalyst on the substrate is suitably fiom 0.S- 

The catalyst is deposited on Ihe substrate ming any appropriate techniques known 
to those skililed in the art. Suitably^ the catalyst is dispersed in waler, possibly witix 
additional binders, thickeners or adhesive agents to 6>xm a shury. It is usually necessary 
to break down the partide si2%i of the catalyst by milling cg-inabaUiuillor a 

bead ^i^tj oii by milling the dry catalyst befi^re it is added to the slurry^ e.g. m a jet milL 
The slurry iis passed over or through the substrate to coat the sut&ces that wQl be 
C7q>osed to the reactant gases. This can be done by dtp coatingi flood coating or 
water&ll coatingf These and. other meOio^, such as vacuum impregnation, are well 
known in the ^ Any excess slurry is removed^ and the substrate is sub$et]uen£ly dried 
and calcined^ 
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hx a yet further aspect, ibe pi^s&nt inveation provides a process for t^ormmg fb^l 
using a catalysed component dccording to tbi& invention. The process comprises $tep 
of supplying $team and optiozitally air to fhe catalysed componenL The &d msy be 
an atkane suj&b as methane, an alcohol sucb as methanoL or a icnixtore of componeat&j, 
such as gasoline. Liquid iiiels must be vaporised before &ey are supplied to the 
catalysed coDOponeat. If the proceisii uses steam refonuing (and not autothennal 
xefotming), heat inust be supplied to the reactioii or to the catalysed component, e,g, by 
pope-heating the fuel and/or steam. The nsfi^rming process is typically earned out at 
tempiaratiireal above 600*^*0. 

In a yet fiirtbesr aspect^i the present jnveiition provides a fad pxocessing system 
cosnprising a catalysecl cmaponi»t according to fhe invention. The system may &rther 
coxtiptise catbctn mo!ni>xi.de cleanriip caznponents (e.g. water gas sbifi reactocs^ selective 
oxidation teactois, hydtogem ^diEfiisibn xassiibimsisy^^h^ components and 

catalytic bumets. 

Th« invention will now be described by re&rance to examples which are not 
meant to be limiting fhexeof. 

Catalyst MMtufactitre 



Five catalysts with five di^sr^ support materials were prepared: 





Suppon Material 


molar laiio 


Compaiaiive 
Example 1 


dOvntVot ceria/zircoiua on AbO? 


N/A 


Example 1 


30wt% ceria/sdzconia on catemed Pural MG30 


11.80 


BxampLe 2 


30wt% cenaAEcrccmia on calomed ]^atal MG50 


0.63 


Example 3 


30wt% ceiria/zirconia on calcined Pural MO70 


0.20 


Example 4 


30w1% cecia/zirconia on MgAUQft 


N/A 
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Hie aliunma^ FtifaL tuaterials and maguesixiin alimiinate were purchased &om 
Sasol GmbHi (BrunsbuBtteU Getmany). The Pural materials ar^ abminium magnesium 
hydrotxycarboiiates nnd Hie MGiiO^ MG50 wad MO70 materials have metal cont^s 
equivdent to? 30:70, S0:50 atld 70:30 weight mixtiires of MgO and AbOa. Ihe Puial 
icoatedals were calouied at SOQ^C to :fomi mixtures of MgO and MgAlzQf. X-ray 
difiEbaction oanfizmed tibat the calcmed materials caatained only crystalliae MgO 
^sridase stcucture) aad cay&taUme MjgAl204 (spinial strocture)* The MgO:MgAlz04 
molar Tfttio was calculated from the koowii amoimts of ma^sium and aluminium in the 
starting materials. 

The flliimina, caldned Pural and magnesium aluminate materials wem slurried in 
demineralised wocer and nitrate-stabilised ceria and zircania sols were added. Ammooia 
sohition (IMj) was added until the pH of the slurry reached g. The product was filtered 
and washed several times to xemove jMH^iNOd and then dried at 120*'C for 8 hours and 
calcined at 800°C S:)r 2 hours. Each of the sOpport materiala had^a, :ceria-%ircania loading 
of30wt%. 

A rhodium loading of 2wt% was deposited on each support material by incipient 
wetness impregnatioiu SJhodiunx nitrate (Johnson Mattfaey, UK) was made up into an 
aqueous solution such that the volume of solution was suf^ient to fill the entire pore 
volume of flhe support matetiaL The solution was added to the support material^, the 
mateaial wasi mixed and then the mafenal was dried at 120°C for 8 hours and calcined at 
500°Cfor2hour8. 

Performance Testa 

Cataliy^t powder samples were diluted with coxdierite (10:1 cordierite:catalyst} 
and palletised (2S0-3SSfiin). lOQmg of the pelletised samples were tested in a continuous 
flow, fixedrbed microreaotot. 

Gasoline steam reforming performance of the catalysts was ^^sniied at 
atmospheric ipressure and a fiunace tetuperature of 700X. The &el flow was 1.9 JxH/h 
and the H20:C ratio was 4. Nitrogen was used as a diluent at lOQEol/min, 
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CoQvctsioD to CO, CGb and C£U and the NMHC level (residual ncm- itxisthanue 
hy^carfaoaias CI eqjuivalaticts in diy gas flow) measured. The NMHC tevd is 
consideared to be a moTc gi^itive judicator of pecformance thaa couvoK^jOA to CI 
components, i ILowcT NMHC leveOis indicate better perfbonauce. 





% Coflversiott to 
CO+CO2+CH4 


NMHC/ppm 


CompaEatilvne Example 1 


71.9 


SllSO 






11760 


ExanqileS 


94.1 


9600 




87.8 


21390 


Example 4 


87.9 


20280 



The catalysts of tke mvestioa bave beOer perfom^c^e Ihiaa a stste-bf-^be-a^ 
vnih an aluEoSna support (ccHnparative example 1). 



d>^t 
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CLAIMS 

1. A xefdnning catalyst comprising in^ious; metal particks di^ersed on a support 
material) whexein the strpport nmterial comprises cena» and characterised vx that flie 
support material fixrther compdses magnesium alumiBate and/or magaesimn oxida. 

2. A x^bRxdng catalyst accordmg to claim 1, lyherem like sii^pport matcsrial contains 
at least 20wt% ma^iaesjum alimuixtate and/or magnesium cmde. 

3. A vefscming catalyst according to claim 1 or claim 2» whetdb the siQQ^Oxt 
matedal consprises magaesiom alinninate and magnesaum (nddie* 

4. A xefonuiiiig catal3^t accocdiag to claim 3, wherein tbe molar laiio of magnesium 
alumioate to magnesium OKide is between 1S:1 and 1:15. 

5. A re^mung catalyst accoiding to claim 3 or claim 4» wherein die siq^poirt 
Doaterial is made by a process wherein alinnimnm magnesiom hydroxycarbonate is 
calcined to focm a mixture of magaesiiim oxide and magnesium aluminate. 

6. A tefonaing catalyst according to any precedmg claim, wfacTein the support 
material furtSier comprises ziccoma. 

7. A refbxm»:^g catalyst according to any preceding claims wherein the sxqypoict 
material oomgprises ceria and optionally zarconia dispersed on lSb& snrfu^ of magaesiv^m 
aluminate oria mixed magnesium aliuninate/magnesiiinn oxide materiaL 

8. A lefbrming catai^^ according to any preceding claim, wherein the precious 
metal particles suitably comprise rhodium, mihenium or platinum. 

9. A catalysed component comprising a reforming catalyst according to any one of 
claims 1 to S deposited on a substiate. 

10. A process for Deforming fuel using a catalysed component according claim 9* 
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11. A &cl piocessmg sys^t^ can^risiiiig a cattatj/sed comgoosat according claim 9. 
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REFOKMEWG CATALYST 
Abfitraet of HielnvEaiiilaiiL 



A xi^^cmiiig cataljTst cowpiisitig precious meital pacticles dispexsed on a suppoxt 
luateriaLr 'wht^iein lfae stipport matenal coixiprises cedci« and characterised in limt the 
sapport material iliiiher comprises magiaesiiim ftLuminate mi^or magaesium oxide is 
disclc^ed. Catalysed coix^onenls and fasi i^cocdssing systems comprising tiis calalyst, 
and ffifonmoB processes using the catalyst are also disclosed. 
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